Note S1. A theoretical model for ruling out marine-biogenic source contribution. Table S1 . Concentrations (mean ± SD) and element mass ratios of carbonaceous species during SAPOEX-16. Table S2 . pH of aerosol WSOC extracts during SAPOEX-16.
. Air mass clusters during SAPOEX-16. Table S1 . Concentrations (mean ± SD) and element mass ratios of carbonaceous species during SAPOEX-16. Table S2 . pH of aerosol WSOC extracts during SAPOEX-16.
Note S1. A theoretical model for ruling out marine-biogenic source contribution.
We consider that the mass-absorption cross section (MAC WS-BrC ) for light-absorbing watersoluble organic carbon (WSOC) is composed of a mixture of terrestrial (terr) and marine (mar)
The marine WSOC absorption is substantially low (b mar ≈ 0).
Defining the fraction terrestrial (f) as:
Combining Eqs (1) and (2):
Assuming isotopic mass-balance we have (obs = observed) 
Noting that the  13 C terrestrial and marine endmembers are constants, we can for clarity reformulate Eq (6) as (k 1 and k 2 constants)
Based on Eq. We begin the model by formulating the net averaged loss rates of WSOC and WIOC.
Where k 1 and k 3 are the rate of degradation of WSOC and WIOC respectively. k 2 is the rate of oxidation/conversion of WIOC to WSOC during transport Solving Eq.9 :
Incorporating Eq.10 in Eq.8 we get
We then use the simple expression of WSOC/OC as a combination of WIOC and WSOC
Setting k = (k 2 + k 3 ) -k 1 , and noting that k > 0
Defining constants A and B, we can write this in the form
Using Eq.24 from Note. S3 and substituting in Eq.14 We then arrive at a fitting function of the form 
Eq.15 suggests that transfer between two OC pools (WIOC to WSOC) in addition to oxidative transformation during long-range transport as possible factors governing the enrichment of the mass fraction of WSOC in the South Asian outflow (shown in fig. S8 ). The stable carbon isotope signature is reported (in per mil) as
The time evolution of  13 C WSOC can be given as 
Eq.24 establishes a dependency of transport-time and aging proxy  13 C
b) Time evolution of WS-BrC light-absorption parameter (MAC WS-BrC )
The time evolution of WS-BrC mass-absorption cross section (MAC WS-BrC ) is given as 
We can summarize Eq. (27) with the following relation (C 1 and C 2 = constants)
We note that typically Q << 1, which justifies the approximation in Eq. (28).
Eq. (28) is a fitting routine for the inter-dependence between time evolution of WS-BrC lightabsorption (MAC WS-BrC ) and  13 C WSOC i.e. aging due to atmospheric oxidation in the outflow from South Asia between source-to-receptor sites, parameterized by constants C 1 and C 2 .
c) Time evolution of WS-BrC light-absorption parameter (AAE)
The wavelength-dependence of the MAC WS-BrC is typically given by:
Eq. (25) gives the time-dependence of the MAC WS-BrC at a given wavelength. 
For clarity, we do not consider the division of WSOC into the two stable carbon isotopes in this equation. From observations, we know that the wavelength-dependence follows a power law at all times, and thus:
Where k AAE is the wavelength-dependent rate constant and k ref is the rate constant at the reference wavelength. Thus, the joint time-and wavelength-dependence of the MAC WS-BrC may be written as:
The time-dependence of the AAE is thus given by
Combining Eq. (24), (33), we have (C 3 , C 4 = constants): 
The aging model predicts a power-law dependence for the evolution of MAC WS-BrC and AAE as a function of the  13 C as per Eq.35 and Eq.36. The fit is shown in Fig. 4 . [WSOC] = A abs365 −A abs700.ln (10) [WSOC].
( 37) where b abs is the absorption coefficient, WSOC is the water-soluble organic carbon concentration in solution, L is the light-path length (1 cm, for the currently used quartz cuvettes), and Abs is the absorbance of the liquid extract (assuming that the scattering contribution to extinction is low) at 365 and 700 nm. To account for baseline drift during analysis Abs at 700nm is used which is the average between 695 and 705 nm, where there is no absorption for ambient aerosol water extracts. ln(10) converts the relation between absorbance and transmittance from common logarithm (base 10) to the natural logarithm of gases.
The wavelength () dependence of the WSOC absorption is calculated by fitting the absorption Ångström exponent (AAE) using the following relation:
= (
The AAE was fitted within the range 330-400 nm to avoid interference from other lightabsorbing solutes such as ammonium nitrate, sodium nitrate, and nitrate ions which absorb light at peaks near 308, 298, and 302 nm, respectively. There may also be an effect of pH on differences in absorptivity between molecular and anions but the effect is likely less for the majority of organic molecules.
Note S5. Estimating the imaginary part of the refractive index of WS-BrC.
The imaginary part (K) of the refractive index (m= n+iK) is derived using the method as in (17) with the following equation: was used for quality control and quality assurance purposes. The average relative standard deviation of triplicate analysis for the control standard was < 1%.
The ratio of anion equivalence (AE) to cation equivalence (CE) was used as an indicator of aerosol acidity for sample selection: the sample with the highest, the lowest and an intermediate AE/ CE was selected for each site. It should be noted that the total inorganic acidity (TIA = (nss-SO 4 2-+ NO 3 -/  water soluble inorganic ion conc.)) which is also an indicator of aerosol acidity (36), varied only slightly on average between the source-to-receptor sites during SAPOEX-16: Delhi (0.62±0.12), BCOB (0.69±0.08) and MCOH (0.72±0.06).
Overall for the SAPOEX-16 campaign, 9 samples (3 from each site) were re-extracted for It is clear from table S2 that 1. ThepH for WSOC extracts at Delhi, BCOB and MCOH are in good agreement with the AE/CE ratio; 2. A slight acidification trend in pH of WSOCextracts is conspicuous in the order Delhi-to-BCOB-to-MCOH, but the difference is comparably low (pH max = 0.61); 3. The small variability in pH doesn't explain the large differences in MAC WS-BrC 365 and AAE 330-400 nm between the source-to-receptor sites during SAPOEX-16.
To further test the dependence of WS-BrC light-absorption on pH, a titration experiment was conducted. By adding small amounts of NaOH (0.01M) to the sample (MCO-3) from MCOH with the lowest pH (5.57) to shift the pH to the highest pH recorded at BCOB (6.02) and then shift the pH to the highest pH recorded at Delhi (6.18) we find that the change in pH had insignificant effect on the light-absorbance of the WSOC-extract and thus it can be concluded that small pH-difference does not explain the large differences in mass-absorption cross section (MAC WS-BrC 365 ) and absorption Ångström Exponent (AAE 330-400 nm ) between source-to-receptor sites during SAPOEX-16 ( fig. S6 ).
This conclusion is consistent with the fact that the presence of fine-mode mineral dust in the IGP region contributes to similar degree of acid processing of aerosols in the IGP outflow to the Bay of Bengal as in the IGP sites (36), thus balancing the aerosol acidity in the South Asian ouflow. 
